Potass ium& sodium disorders 

Dr.Akram Askar 13/5/08 

Potassium is the main electrolyte inside the cell, while the sodium is the main 

electrolyte outside the cell . 

Na+ concentration is 140 mmol/L outside the cell , & K+ concentration is 140 

mmol/ L inside the cell . 

Potassium disorders are either hypokalemia or hyperkalemia 

aK+) HYPOKALEMIA (iK) 
Definition : 

When the Serum concentration of K^ is < 3.5 mmol/L , we call it hypokalemia 

In epidemiological studies, it has been shown that it happens In 20-50% of thiazide users 



Thiazide: 

► A diuretic work on distal tubules & has some side effect e.g. hyperglycemia & 
hyperuremia but the main one is hypokalemia 



Loop diuretic, such as furosemide "lasix" which has less side effect, if used more than 
onc^ day => relatively more severe hypokalemia 

Etiology: 

It can happen either: 
1- W ith normal total body K^ => intracellular shift (shift from outside the cell to inside the cell). 



The total K-i- concentration inside the cells is 3400 mmol & 60 mmol outside cells 
(plasma & interstitium). 

So, the total K^ is 3460, and if this 3460 is not decreased but the serum cone, 
decreased, it will shifted from extracellular to intracellular space. 



2- Or with depletion of total bodyK^ ether by 
T Renal excretion (renal loss) 
T Gl excretion (Gl loss) 
i V intake(stan/ation, anor0<Janer\A3sa& prolonged fasting) 
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Clinical Manifestation: 

The symptoms of hypokalemia are mainly muscular (neuromuscular junction), 
while in hyperkalemia it is mainly on the heart. 

♦ Neuromuscular : Motor weakness, paralysis, fever, constipation, rhabdo- 
myolysis, paralytic ilieus 

♦ Cardiovascular : Digoxin toxicity => arrhythmia u-wav&in ECG. 

Very sever, try to prevent hypokalemia as much as poss/We in pt whose taking 6igoxin. 

♦ Renal : Hypokalemic nephropathy 

Proximal tubule vacuolization, interstitial fibrosis/ inflammation. 

♦ Metabolic Alkalosis : 

\n^^6 ofK^ exchan^ with M a\ thsewll beediai^dH ^ withNa\ iGBdngtDdk^cas 

♦ Renal concentrating defect : 

The kidney will lose its ability to concentrate the urine 

♦ TAnnnnonia production : 

To spare the H ^ ttiatlcEsin the renal tubule 
Precipitating to hepatic encephalopathy 



Precipitating factors to hepatic encephalopathy: 

► Constipation, protein diet, Gl bleeding, infection, dehydration & electrolyte imbalance 
(mainly hypokalemia) 



ECG Changes with Serum K' Levels: 

[KKmmol/D 

iK+ <3.5 — v. -'--- - Flattened T-wave + U -wave 

y 5-6.5 A /"X Peaked T -wave 

I 7-8 ^A r-x W idened Q RS -i- (peaked T-wave) 

E 8-9 ^, p, r Sin Wave 
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Differential Diagnosis of Hypol<alemia: 

Try to Exclude i^^ & 2"'' type: 

1. Factitious hypol<alemia (Pseudohypol<alemia): 

- Lab. error: 

» Not all hypokalemia is because of lab error, but if the pt looks well and 
doesn't has any synnptoms of hypokalemia, then take another sample. 

- SeverelyelevatedWBC (>50x107L) [ Normal level 4-11 xlOV LI 

» e.g. leukemia 

» TK+ uptaice by leuJcemia cells when blood is stored at room temperature 

for more than ONE hour. 

2. Hypol<alemia 2° to intracellullar shift (to inside the cell): 

- Catecholamine excess: 

• Stress of illness. 

• Exogenous catecholamines {as in ICU patients whose haemodynamically 
unstable): 

■v.v blood pressure 

■ Inhaled B. agonist 

• Correction of D.M by InsuWn {lead to influx of K* inside tfiecdl) 

• H ypokalemic periodic paralysis : either 

■ Primary (idiopathic) or, 

■ Secondary to hyperthyroidism 

- Treatment of me^loblatic anemia with B12 & folate 

» Because there will be new cell formation which lead to TK^ utilization in 
the newly formed cells 

- Ingestion of soluble barium salt: 

» U sed as contrast of G I X-rays. 

» When it ingested, it may lead to bonding of K^ at intestinal cell. 
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3. True H ypokalemia (decreased total body K^): By 

- Renal losses 

- Extra renal losses (Gl /ossesj 

- Starvation 

- ^UrineK^ 



True Hypokalemia : 



D on't forget to ask about urine 
jCwhen yDu have hypokalemia. 



► Extra Renal Losses (U rinary K^<30mmc3l/L): 

- Diarrhea {which leads to acidosis) and C athartic abuse 

- K+bindingin the bowel: 

» C lay I ngestion [Cj^\ j.^>l]: lead to exchange ofK^byC a'' crother minerals 

- VillousAdenoma: 

» It is a cause of diarrhea, but rather than causing acidosis, it causes alkalosis 

- Congenital Chloride- losing Diarrhea 

- C utaneous losses - Burns 

► Renal Los3es(urlnaryK + >30mmol/L) : 

> W ith M etabolic acidosis (1 Serum H C 3) : ChecKtheawongap 
- With Normal Anion Gap (AG): 

• Renal Tubular Acidosis "RTA" (I or II) : 

» The most common cause. 

• U se of Carbon ic An hydrate Inhibitor [acetazolamide]: 



Acetazol amide: 

► Work in proximal tubules, week diuretics, the only one causing acidosis, it also can 
cause alkalosis. It is not usually used in medicine, it is commonly used by 
ophthalmologist to treat glaucoma. 



U reterosigmoidostomy 

» After removing the bladder with TTC, the surgeon 
make a shunt between the ureter and the sigmoid 
colon, which leads to loss of K+ and acidosis 
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- With High Anion Gap: 

• Diabetic or alcoholic ketoacidosis: 

» R en al I osses 2 ° to gl u cosem i a " osm oti c d u resi s" 

> With Normal pH (rare): 

Recoveryfrom ATN. 

- Post obstructive duireris. 

- C isplatin therapy, (to treat cancer) 

- Mg++ depletion. 

> With Mdd30licdkd05is(r Serum H COO: Most Important 

CMKMneC_hlQride; 

- Low [C I" ](<10mmol/L)^ Volume depletion (g/Ve/?/m norma/ sa//nej 

- H i gh [C I " ] (^Ommol/ L) => CMkBMd.Fmsum 

• With Normal BP : 

■ Diuretics. 

■ Bartter's syndrome. 

■ Gitelman's syndrome. 






B artter's V S G itelman's 

► Both can cause hypokalemia & hypomagenesemia. 

► Both have the same clinical presentation with hypokalemia, renal loss and alkalosis and 
low magnesium, but the mechanism is different. 

Bartter's works as lasix, while G itelman's works as thiazaide. 
For rr)ore information: * Kumar 6e page (704-706) 

► http://www.emedicine.com/MED/topic213.htm 



With H igh BP : (T in mineral corticord activity) 

■ Primary aldosteronism (Conn's) 

■ Secondary aldosteronism (RAS) 

■ Liddle syndrome: 

■1963 Alabama, Autosomal dominant. 

'In collecting duct the N a^ channal will be active leading 

increase entry of M a* wNch lead to h^fataTScn and 

hypokalemia. 

■ Cushing's syndrome (IIB, 17d Hydroxylasediff) 
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(TK+) HYPERKALEMIA (TK+) 

When the Serum K"^lB/elsisiTDrethan5.5mmol/L, wecall it hyperkalemia 

As the GFR decreases, there is an adaptation by the remaining nephrons with 
increased K^ secrdiion as a result; a normal serum K^ is ^erally maintained until the 
GFR is<20ml/min 

Clinical manifestations: the main effect of hyperkalemia is onjhehMt 

♦ Cardiovascular : 

- Arrhythmic including sudden death. 

- Peal<ed T . W aves. 

- Widened QRS. 

♦ Neuromuscular : 

- Paresthesia. 

- Weal<ness, Paralysis. 

♦ Renal : 

- Natriuresis(lossof Na+) 

- ; ammonia production : 

» ppoate to hypol(alemia which leads to Increase ammonia production. 



Work-up of Hyperkalemia (Differential diagnosis): 

Try to roll out 

1. Factitious hyperl<alemia (Pseudohyperl<alemia): 

- H emolysis: 

» 6 ecause of K * inside cells, and the lab will till you that the sample get lysed. 

- Elevation of platelets count to >1000xl07L (>l,000,000/dl) 

»lt is rare but an important cause of hyperkalemia, there is a disease called 
Essential thrombocythemia affecting elderly pts, in which the pt get high 
platelet count and spleenomegaly with hyperkalemia. 

- Elevation of WBC to >50,000/dl 

»A s it causes hypokalemia, it also can cause hyperkalemia. 
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2. Shift of K^ from cells: 

- Acidosis: 

» pposite to alkalosis, which lead to shifting of K + into cdls 

- Lacl< of Insulin: 

»Diabeticpts, because insulin facilitate entering of K' intoc^ls 

- p blockers 

» Propranolol, timolol, eic, all of them cause hyperkalemia. 

- Digoxin intoxication 

- Hyperkalemic periodic paralysis (A ut. dominant) 

After excluding shifting causes, tlien tliinidn: 

3. Increased of total body K+:Crrue H yperkalemla ): 

- I ncreased K + i ntake: (like banana , dates & citrates) 

- Impaired renal excretion: Check G FA 

a. GFR •^Oml/min => increased K^ load: 

• Exogeneo us source: 

■ Dietary intake 

■ Salt Substitute 

» Some pts with hypertension instead of eating M aC I they eat K CI. 

• Endogeneous source 

■ Hemolysis f/iemo/yt/canem/aj 

■ Rhabdomyolosis f/n burns, stat/ns& trauma) 

■ G I bleedi ng (endogenous source of K^) 

■ p blockers 

■ Acidosis 
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D rugs impairing K + secretion: 

► Spironolactone (block aldosterone action). 

► A miloride (block the apical M a^ channdsin cdl&Hngdxl^ 

► Triamterne (both of them K + sparing) 

► ACE I +1 

► Trimethoprim (block N a* diamd^Si Cotrimoxazole. 

► H eparin => decrease aldosterone synthesis (block production of ald^eron in adernal cortex 
by chronic use) 



b. GFR >20ml/min : 

» U ^ally if the G FR is normal, the K + will be maintained Exq)t in case 

of low aldosterone witch is the maintaining mechanism of it. 
• Hyperkalemia secondary to aldosterone dysfunction: 
» E ither deficiency or r^istance 



If there is Hyperlcalemia with relatively well preserved renal function (GFR >20ml/min) 

I 
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^ 



Check Aldosterone 



check Ren In 



HIGH/NORMAL 

*^ K" Reab 

Reduced K' Secretion 
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Transtubular K ^Gradient (TTKG): 

TTKG is: a measurement of net K"^ secretion by the distal nepliron and used to 
determine if hyperl<alemia is caused by aldosterone deficiency/ resistance or if the 
hyperkalemia is 2° to non-renal causes. 

In brief: net K + secreiion at distal nephron. 



TTKG = 



Ku X Sosm 
Ks X U osm 



K u = K^ CDncentration in urine 
S osm = Serum osmolarty 
K s =K^ concentation in serum 
U osm=Urineosmolarity 



TTKG Value 


Indication 


6-12 


Normal 


>10 


Suggests normal aldosteron action and an extra renal cause of 
hyperkalemia 


<5-7 


Suggests aldosterone deficiency or resistance 


A fter O.OSmg f 1 udrocortisome (aldesteron synth^ics i/vor/c in distal tubules) 1 


>10 


Hypoaldosteron ism is likely 1 


<10 


Aldosterone resistance | 



Ifthereisno change in TTKG : Suggests a renal tubular defect from either: 

♦ K^ sparingdiurdtics (spironolactone amiloride triamterne) 

♦ Aldosterone resistance 

- Interstitial kidney disease 

- Pseudohypoaldosteronism typel 

♦ Increased dietal K+ reabsorption 

- Urinary tract obstruction 

-Pseudohypoaldosteronism type 1 1 (G ordon syndrome) 
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Treatment 



Hypokhalemia : 

Give patient KG in general but in certain condition (e.g. bartter's disease) i 
amoliride or cortisone . 



Hyperkalemia : v. Important 

1. Ca ^uconate : to protect heart from arrhythmia lOcc injection (membrane 
stabilizer) over 5 min 

2. \n3ii\\n:to reduce K^ rapidly, lead to shifting of K* ,10 units regular insulin, infusion 
over 20 min. +50ml glucose 50% dextrose by infusion 10 min. 

3. NaHCOs" :but Not USED in CHF, pulmonary edema and hypertension. 

4 p agonist nebulizer :e.g salbutamol, rapid effect, used nowadays, can be repeated 

2,3& 4; will lead to K * ^fiirg bit after 2 hours, K * will reiurn back to blood. 
So, we need to give drugs that lead to decrease the K * for long (Hied as : 

5. Risins: They take K^ & giveCa^^ orNa^ in intestinal cell, then they remove it. 

They can be taking orally or rectally (longer time) 

If all failed, then we have to do : 

6. Dialysis: whish is the last thing. 
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Sodium Disorders : 

Na"^ is the main electrolyte extracellularly . 

Serum sodium level is a useful clinical index for evaluating water balance , not 
sodium balance. 

Water balance is regulated by: 

1. Thirst 

2. Antidiuretic hormone (AD H): 

» Produced by hypothalamus & stored in the post. Pituitary & worldng in the 
collecting ducts in special ducts called aquaporine. 

3. Renal medullary concentration ability 

Serum Osmolality = 2xNaconc.(most important) +glucose + urea 



► Na"^ isthennain element in the osmolalty, hence its cone is 140 when multiplied by 2 
become280. So, any change in Na' cone causea major chan^ in osmolalty. 

► G lucose is about 5 and urea is also about 5. So it has minor role in it. 

► For example: 280+5+5=290 mmol/ L 



(iNa+) HYPONATREMIA (iNa) 

It is the most common electrolyte abnormality in hospitalized patients 

Clinical features: 

CMS symptoms happen with acute hyponatremia not chronic : 

1. Lethargy 

2. Cramps 

3. Decreased deep tendon 

4. Seizures 
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Diagnosis and IManagement : 
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Differentiate Between Different Typesof Hyponatremia : 

At first when you have hyponatremia lool< at osmolarty, is it normal or high or low. 

If the osmolarty is normal, it is pseudohyponatremia, which happen in case of 
hyperlipidemia& hyperprotinemia. 

If the osmolarty is high, it could be because of hyperglycemia, because in the 
equation above, if you have less Na+ and increase in osmolarty, the glucose must be 
high. 

There is a relation between hyperglycemia and hyponatremia with unknown cause 
but the relation is when there is an increase in ^ucose by 10 mmol above normal it 
will lead to decrease in Na"^ by 3 mmol, and if you treat hyperglycemia, Na^ will rd:urn 
to normal. 

Other causes of hyponatremia with high osmolarity, could be because of hypertonic 
fluid infusion, mostcommonlymannitol,or if thept is taking ethanol, or glycine. 



♦ Glycine: is an amino acid, it is used in urology & obstetrics. 

♦ In urology, it used in TU RP (transurethral prostate resection ). 

♦In obstetrics, it is used in D&C "cleaning the uterus after missed abortion" 
(transvaginal resection). 

♦ Because they use electrical current to cut, they put the laparoscope in a fluid to 
suction the blood, they put glycine to prevent electrolyte separation and heat 
production. 

♦After these surgeries, glycine go inside the blood which is hypertonic lead to 
©(tracellular shift leads to delusional hyponatremia, and they usually order urea and 
electrolyte after the surgery to treat it. 



The true hyponatremia happens when there is decrease in Na^ and osmolarty (less 
than 250) hypoosmolar hyponatremia. 

In this case you have to look to the volume status, if he has edema, look at theJVP 
or if he is in the ICU, look at the central venous pressure, and try to determine, is the 
pt is hypovolemic, isovolemic or hypervolemic. 

If thept is hypovolemic, measure the Na^ in the urine If it is low (less than 10), it 
means that it isextraurinary loss(E.g. diarrhea, vomiting, pancreatitis, burns). 

If it is high (more than 20), it means that it is an urinary loss through the kidney 
(e.g. diuretics, etc.) and the treatment is just to give normal saline. 

If the pt is hypervolemic hypoosmotic hyponatremic , its causes are liver cirrhosis, 
heart failure and renal failure. Its treatment is by fluid restriction & diuretics. 

If the pt is euvolemic, which is the most dangerous one , has 3 main causes which 
are, SIAD, hypothyroidism & glucocorticoid deficiency. 
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SIAD : [syndrome of inappropriate antidiuresis] 

- Has recently replaced the previous term : SIADH [syndrome of inappropriate 
antidiuretic hormone] because up to 20% of patients who fulfill the criteria 
for SIAD do not have detectable circulating levels of antidiuretic hormone. 

- It is a diagnosis of exclusion 



Criteria for thediagnosis of SIAD : 

1. Hypotonic plasma. 

2. Urine osmolality is greater than serum osmolality (or >100- 150 mOsm/k 

3. Urine sodium matches intake. 

4. Absence of hypoadrenalism and hypothyroidism. 

5. Improvement with water restriction. 
I mportant clues: 

Low serum levels of : -Uric acid 

-BUN 

-Creatinine 
Causes of SI AD : 

Causes of the syndrome of inappropfiate vasopressin secretion 







Centra! nervous system disorders 


Bronchogenic carc.nonE 


Virai onei^Tcnia 


E-cepnaiitiwiiaicrbac:erisii 


Carcinoma of the duodenum 


aacterial pneumonia 




Carcinoma of the pancreas 




Head trauma 


"mymoma 


TjlDerculosis 


Brain abscess 


Carcinoma of the stomach 


Aspergillosis 


Brain tumors 




Positive pressure 


Guillain-Barre syndrome 


Ewirgs sarcoma 


breathing 




Carcinoma of the blattder 


Asthma 




Prostatic carcinoma 




Cerebellar and cerebral atrqahy' 




M6sotnel ioma 


CawHTWus sinjs thrombosis 


Carcinoma of tfie ureter 


Cystic fibrosis 


Neonatal hypoxia 
Hydrocephalus 
Shy-Drager s^drome 
Rocky Mountain spotted fever 
Delirium tremens 
















Acute psychosis 
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Drugs assci( 



Vasopressin 
anaiogs 

Desmopressin (DDAVP) 
C>:y:oc- 

.:. D rugs that e n hance 
vasopressin release 

ChlO'-propa-ir-de 

Clofbrate 

Carbamazepi ne-osq^arbazep i ne 

Vincristine 

Nicotine 

Narcotics 

Anti psychotics/antidepressants 

Ifcisfiamicte 




"viikopressln 



Chlorpropamide 
Cyclophospfia m ide 
Nonsteroicial anti-inflammatory 



Acetaminophen (paracetamol) 

Drugs that cause hyponatremia 
by unknown mechanisms 

Haiopenbol 

Fluphenazine 

Amitripftyline 

Thioradazine 

Fluoxetine 

Sertraline 



In Brief: 



It caused by problems in the brain, ether infection, tumors, encephalitis, meningitis, 
meningoencephalitis, any hemorrha^ "subdural, epidural, subarachnoid" or problems in the lung 
ether pneumonia, pneumonitis, lung abscess or lung tumors, and some drugs) 



Acute hyponatremia: 

After surgery (mostly ) and aneasthesia (in up to 5% of patients). 
tADH becauseofnon-osmolar stimuli: Pain 

Nausea 

Narcotics 

1. DuringTUR-P. 

2. Schizophrenia patients with severe compulsive water drinking (>14L/ day). 

3. Infusion of oxytocin and cyclophosphamide. 
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Chronic hyponatremia: causedby 

- Thiazides 

- Ciilorpropamide 

- Carbamazepine 

- NSAIDs 

JVJanagement : 

If you want to correct hyponatremia, you have to correct it slowly by a formula, 
(sodium deficit = (desired serum Na^- current serum Na^ )xTBW 1 



Water0(ces5=l-[^^i^]xTBW 



TBW = Body W eight xO.e 
TBW ^OL in 70 Kg 



At first, don't riseNa^ byrrorethan 0.5 rmnol/ hour or maximum 15 mmol/day. 

If you give the pt more than that quickly, he might die because of central pontine 
myelinolysis. 

For example , 

If a pt with Na^ of 110 mmol/L, and we want to raise it to 120 mmol/L (maximum 
15 mmol/L), we have to calculate the total body Water which is 60% of total body 
weight, so we multiply 0.6 by total body weight, if the pt weight is 70, so we get about 
40 L total body water, and we want to raise it 10 mmol/ L so we multiply 40 by 10 to 
get 400 mmol of sodium to raise it from 110 to 120, giving it by hypertonic saline, not 
by normal saline. 

Normal saline contain 150 mmol of Na\ while hypertonic saline 3% contain 517 
mmol. 

To give that pt 400 mmol Na^ is by dividing the quantity of hypertonic saline by 24. 
So, nearly, we give about 50 cc of hypertonic saline over 24 hours. 

TreBtment : 

We add Vi of deficit slowly e.g. Na^ =110. So, you must add Vi mmol/ hrs not more 
than 15mmol/dayif not, patient may die by central pontine myelilolysis. 

e.g. 40 xlO "desired -measure" =400 mmol of Na^ 

We have hypertonic saline contain 517mmol giving in 24hrs. So, we divide it by 24. 
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(TNa+) HYPERNATREMIA (TNa) 

All hypernatremia are real. There is no pseudohypernatremia because all forms of 
hypernatremia are associated with hypertonicity. 



Water deficit = [^ 



^]-lxTBW 



Clinical features: irritability, hyperreflexia, ataxia, & seizures. 
Diagnosis and Management: 



I Hypenulrania | 

Fluid vnlums jitmis assessed by physkad eiam 



HypoTDkmdiC 

LoffiofH20>Na+]oss 



>2flimEq;L 
I 
Renal loss 

•Diuretic 
> Gl)V3tsijria 
• Rsaai iiDuie 



tsoinojeraic 

Loss of H^ 



Check urine Na* 



n 
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ExtraiHial loss neuAlloss Extraraaaillass 

• GI- vcmtiling • Diabetes insipidos • Insensible losses 

• GlnJiarrtea Cenlral Siun 

• Excess Nephrogenic RespiraliiMi 

sweating 

• Resiiiratoiy loss 



Hypenf<Kl«iik: 

Gai^ofH^Oa^dNaf^■ 

I 

DiKknrir»eNa+ 

I 

>20m'EqfL 
I 



TrealdKttt 

• SaiEiB iben hypotonic 
solmioQs 



\ 

TneatiDeDt 

• WalCT replacement 

• D5W ai 1-2 mEq/Uhr 

tvasopressiiifof 
cenlral djabeies Inapdus 



• Hypertonic NaHCO^ 

• NaCE tablets 

• Hypertonic sohilions 

1 
MJncralocorticDid 

' 1" hyperaldosttTunisiii 
■■Oiiduns disease 
'Adrenal 

I 
Hypeitoaic diadffsis 

'•■Hen»odial>-SLS 

• PerilODeal dialj-sis 

I 
TFealment 

'Hiijttkii dialysis 
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We also classify it according to volume to hypovolemic, hypervolemic or 
normovolemic. 

As we calculate the sodium deficit in hyponatremia, we calculate water deficit for 
hypernatremia, because the pt is having sodium but the he needs water. 

W e decrease the Na"^ to the upper limit of normal range (145 mmol/L) slowly e.g. if 
we have a pt with Na^ of 160 mmol/L, our targdt is 145 ,so the differencB is 
15mmol/L.) 

We give it over 48 hours, half of it in the first day and the other half is in the other 
day, to prevent cerebral edema. 

So, theTreatment for Hypernatremia: 

- Adding H2O deficit not Na\ 

- Reducing Na^ to upper limit of normal (145 mmol). 

- [160/145]- IxTBW =4 L of H2O. 

- Giving ¥2 of it in r' 24hrs& therest in then0(t24hrs If not done like that 
patient may die by cerebral edema 

- Remember not to forget the loss by other cause "e.g. urine" need to be added. 

» • 
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